ABSTRACT
Two wireless transmission scenarios are illustrated in Fig.1 . In a single-hop transmission scenario, an encoded data stream is encoded through the convolutional encoder. After the encoding, the amount of the transmitted data bits is duald due to the redundant information for the error correction. In such case, the encoded data stream is transmitted in single-hop.
Comparing with the single hop transmission, a two-hop transmission scenario is also considered in this system model. In the two hop transmission scenario, there is no channel coding used. Hence, there might be more frame errors between a transmitter and receiver than the channel-encoded single-hop transmission scenario.
What we are focusing on is which transmission scenario is superior to the other transmission scenario with respect to throughput. In the channel-encoded single-hop transmission scenario, although a transmitted frame is protected from bit errors, a frame transmission time increases due to two times longer data frame. On the other hand, using the two-hop transmission, a propagation distance between a source transmitter and a destination receiver is shortened, which results in higher SNR and lower frame error rate although data transmission for the same information occur twice.
FRAME ERROR RATE ANAYSIS
In order to the propagation distance of a wireless link on the throughput performance, received signal strength (RSS) should be defined as a function with respect to the propagation distance, and transmission power. Generally, thermal noise power at a receiver is considered as a constant. Hence, received signal strength directly affects the bit error rate performance. RSS depending on the number of hops is defined as [12] : Subsequently, SNR should be defined. According to the Shannon capacity theorem, link capacity between a wireless transmitter and a receiver is a function of SNR. Especially, post SNR after channel decoding should be considered in the received SNR as follows [13] : where y , x , C G , n are the received signal, information signal, the coding gain, and the additive white Gaussian noise (AWGN) at the receiver, respectively. From the received signal, we can calculate the SNR as follows:
where N is the power spectral density (PSD) of AWGN. In this paper, PSD of AWGN is -174dBm/Hz. Using (3), bit error probability (BER) can be calculated. For the QPSK modulation in Rayleigh fading channel, BER is expressed as [14] :
In wireless communications, a frame carries data which consists of hundreds of bits. If a received frame does not have an error bit, data in the frame is delivered to higher layers. However, a data frame should be discarded and retransmitted if there is an error bit in the data frame. When K bits are carried in a data frame, the probability that a frame is successfully received can be calculated as:
This probability is for a single-hop transmission. For a dual-hop transmission, the probability that a frame is successfully received can be calculated as: Fig. 3 . Probability of successful transmission with coding gain Equation (5) and (6) is plotted in Fig. 2 . In this result, T p and a are 10 dBm and 4, respectively. System bandwidth is 2MHz. The value of K is 800. In Fig. 2 , we can see that the dual-hop transmission outperforms the single-hop transmission in terms of the probability of successful transmission. Actually, this is unfair comparison because transmission time of the dualhop transmission is two times longer than that of the single-hop transmission. Accordingly, it is assumed that channel coding is used with coding rate 0.5. In this case, the frame length is duald due to redundancy information. It is also assumed that there is no processing delay at the intermediate nose in multi-hop transmission. Using the channel coding, probability of successful transmission considering the coding gain can be plotted in Fig. 3 .
Coding gain is directly related to the constraint length C which is proportional to the shift register length. Generally, upper bound of the coding gain is calculated as:
In Fig. 3 , coding gains 3.97, 6.99, and 7.78 dB are used, which corresponds to the constraint length 3, 7 and 9, respectively. In this case, channel-coded transmission consumes the same time that dual-hop consumes. As we can see in Fig. 3 , single-hop transmission performance is getting closer to the dual-hop transmission performance as the coding gain increases.
In (5) and (6), it is only considered that a frame transmission is succeeded for the first transmission. However, there could be transmission failures. Accordingly, we have to consider retransmission scenarios.
First, we consider a retransmission scenario of the dualhop transmission. Two is the minimum required number of transmissions for the dual-hop transmission. If three transmissions are required for the successful frame transmission in dual-hop transmission, one successful transmission and one transmission failure should occur before the last successful transmission occurs. Accordingly, the probability that N transmissions are required for a successful frame transmission in a dual-hop transmission system can be calculated as:
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From (8), we can calculate the expected number of transmissions for a successful frame transmission in dual-hop transmission system as follows: For the single-hop case, the probability that N transmissions are required for a successful frame transmission is calculated as:
Similar to (9) , the expected number of transmissions for a successful frame transmission in single-hop transmission system can be calculated as: 
NUMERICAL RESULTS
In order to obtain numerical results, it is assumed that communication distance is 400 m. In this environment, bit errors occur more frequently than the case in Fig. 3 . Fig. 4 . Retransmission probability First, results from (8) and (11) are plotted in Fig. 4 . When the value of the path loss exponent is 4, dual-hop system can mostly make a successful frame transmission within 5 additional retransmissions. Interestingly, single-hop system does not work in this case. 400 m communication distance is too far for the single-hop system to make a successful wireless link. At every number of transmissions, there is a value of transmission probability. If the path loss exponent value decreases to 3.5, the single-hop system works better than the dual-hop system. Due to less path loss, received signal strength is enough to make a safe wireless link for the single-hop transmission. However, the dual-hop system should transmit signal two times at least, hence, the single-hop system is recommended if the path loss is not severe. However, after that, effective throughput of the single-hop system is getting worse than that of the dual-hop system as the communication distance increases, which also means increasing latency.
In Fig. 6 , effect of channel gains on the average number of transmissions is plotted. Observation range of communication distance is between 100 m and 500 m. As the coding gain increase, communication distance that the single-hop system outperforms gets longer. Using constraint length 7 and 0.5 rate code, communication range of the single-hop system is extended to 450 m. After the distance, throughput of the dualhop communication permanently outperforms the single-hop system even if the channel coding is adopted. From this result, it is shown that there is a insurmountable communication distance by using only the channel coding. In such case, dualhop can be adaptively utilized. 
CONCLUSION
Although there are many kinds of chipsets corresponding to the throughput and distance purpose, they cannot support various types of wireless applications. This paper provides theoretic research results in order to support various wireless applications requiring different throughput, delay quality -ofservice (QoS) and communication distances by using a wireless communication chipset with fixed rate and transmission power. As a performance metric, probability that a data frame is successfully received at a desired receiver is adopted. From this probability, the average number of transmission in order to make a successful frame transmission is derived. Those equations are utilized to analyze the performance of a singlehop with channel coding and a dual-hop without error correction matter transmission system. In our result, single-hop transmission assisted by the channel coding can extend its communication distance. However, communication range extending effect of the single-hop system is limited. Accordingly, dual-hop transmission is needed to overcome communication distance limit of a chipset.
